Introduction
============

Extrapulmonary infection of nontuberculosis *Mycobacterium* (NTM) is rare. [@JR_1] It could affect lymph nodes, skin, genitourinary, and musculoskeletal systems, causing chronic infections in humans. [@JR_2] [@JR_3] Chronic tenosynovitis is a rarely described presentation of NTM infection, especially in developed countries like the United States. [@JR_3]

*Mycobacterium kansasii* ( *M. kansasii* ) is the second most common NTM, principally affecting the hand, and the most frequent NTM infection of the joints and synovia, [@JR_1] even though the rate of frequency is five times lower than *Mycobacterium marinum* . [@JR_4] It is considered an acid-fast and slow growing mycobacterium that takes a long time to appear in cultures [@JR_2] [@JR_4] ; accordingly, the diagnosis is difficult in early stages. Furthermore, immunosuppressed patients are more prone to develop an infection by *M. kansasii* . [@JR_3] [@JR_4]

It is important to be aware that NTM could cause tenosynovitis of the hand, especially in the context of immunosuppression, to treat it promptly and preserve the structure and function of the hands. To date, the specific disease characteristics, complications, and treatment of chronic tenosynovitis caused by *M. kansasii* are not well-known. For that reason, we aim to present a case report and to perform a systematic review that describes the characteristics, complications, and approach related to chronic tenosynovitis caused by *M. kansasii* .

Clinical Case
=============

A 64-year-old man with a 5-year history of treatment-resistant rheumatoid arthritis (RA) presented with a 10-month history of pain and swelling of his left wrist. He had been hospitalized 1 year prior for development of drug rash with eosinophilia and systemic symptoms to sulfasalazine, requiring treatment with a short course of prednisone. Two months later, he developed a warm mass on the dorsal surface of his left wrist with restricted range of motion on extension ( [Fig. 1](#FI00128-1){ref-type="fig"} ). Rheumatology prescribed hydroxychloroquine 200-mg daily, followed by a short course of corticosteroids, as the symptoms were attributed to RA flare. Magnetic resonance imaging (MRI) showed a circumferential heterogeneous collection of fluid in the extensor tendons compartment at the level of the wrist ( [Fig. 2](#FI00128-2){ref-type="fig"} ). The diagnosis was severe active tenosynovitis of the extensors attributed to RA, given the patient's history. For the next 6 months, the mass had a fast growth and then leveled off, despite treatment. Rheumatology prescribed different biologic therapies, such as adalimumab, abatacept, and tocilizumab, without improvement of the tenosynovitis.

![Left hand appearance. ( **A** ) Dorsal view of the mass on left wrist. ( **B** ) Side view of the mass on left wrist.](10-1055-s-0040-1709377_00128_01){#FI00128-1}

![Gadolinium-enhanced and fat-suppressed magnetic resonance imaging of the left wrist, demonstrating considerable signs of inflammation and fluid surrounding the extensor tendons. ( **A** ) Sagittal view of the left wrist. ( **B** ) Axial view of the left wrist. Yellow arrows point to the specific site of inflammation.](10-1055-s-0040-1709377_00128_02){#FI00128-2}

The patient was referred to our department to exclude other diagnoses that might have caused the tenosynovitis. He underwent a left dorsal hand extensor tenosynovectomy involving the extensor pollicis longus, extensor carpi radialis longus, extensor carpi radialis brevis, extensor digitorum communis, extensor indicis proprius, and extensor digiti minimi. A dorsal incision was performed exposing a very large mass on the dorsum of the hand composed of inflamed synovium and fluid, which were sent to pathology for analysis ( [Fig. 3](#FI00128-3){ref-type="fig"} ). Tocilizumab therapy was stopped 2 weeks before surgery, but he continued using prednisone 5-mg daily. Laboratory analysis showed the following results: hemoglobin, 14.4 g/dL; hematocrit, 40.8%; white blood cell count,7,000/µL; platelet count, 167 × 10 ^3^ /µL; C-reactive protein, \<3.0 mg/L; c-antineutrophil cytoplasmic antibody, negative; *p* -antineutrophil cytoplasmic antibody, negative; antinuclear antibodies, 0.4 U; Smith antibody immunoglobulin G, \<0.2 U; rheumatoid factor, \<15 IU/mL; and cyclic citrullinate peptide antibody, \<15.6 IU/mL.

![Intraoperative left hand appearance. ( **A** ) Exposed left wrist synovia. ( **B** ) Extensor tendons of the left wrist exposed. ( **C** ) Surgical specimen.](10-1055-s-0040-1709377_00128_03){#FI00128-3}

Pathology results of the synovial biopsy demonstrated a moderate chronic inflammation and many epithelioid granulomas with minimal necrosis. Acid-fast bacilli (AFB) and Gomori methenamine silver stains were negative for AFB and fungal microorganisms, respectively, and bacterial and fungal cultures were negative. AFB culture was positive for *M. kansasii* , with three colonies reported 1 month after surgery, and was negative by probe for *Mycobacterium tuberculosis* and *Mycobacterium avium* complex.

After the procedure, his left hand surgical site healed, with some minimal residual swelling, and specialized therapy was performed to recover hand function ( [Fig. 4](#FI00128-4){ref-type="fig"} ). Initial empirical therapy was azithromycin 500-mg daily, ciprofloxacin 500-mg twice daily, and doxycycline 100-mg twice daily. When the final results of AFB culture were reported, the therapy was changed to ethambutol 1,200-mg daily, rifampin 600-mg daily, and azithromycin 500-mg daily to be given for 3 months until the following visit. The patient's left hand was progressing well after a few days; however, he decided to continue treatment and follow-up in his hometown.

![Postoperative images, 5 weeks after surgery. ( **A** ) Dorsal view of the left hand showing a 85-mm scar. ( **B** ) Left hand making a fist. ( **C** ) Side view of the left hand.](10-1055-s-0040-1709377_00128_04){#FI00128-4}

Systematic Review
=================

Methods
-------

A PICo model (population, interest, context) for a qualitative study was constructed to determine the characteristics, complications, and treatment of chronic tenosynovitis caused by *M. kansasii* in the upper extremities. The PubMed database was queried for cases of upper extremities chronic tenosynovitis caused by *M. kansasii* . A search strategy was generated using the following MESH terms: "tenosynovitis" OR "tenosynovitis/arthritis" OR "tenosynovitis/case" OR "tenosynovitis/case reports" OR "tenosynovitis/in" OR "tenosynovitis/localized" OR "tenosynovitis case reports" OR "tenosynovitis cases" OR "tenosynovitis complications" OR "tenosynovitis conditions" AND " *M. kansasii* " OR " *kansasii* " OR " *Mycobacterium* ," with last access on October 25, 2019. Articles were selected for their accuracy in anatomical localization in the upper extremities and with confirmed diagnosis. Identified articles were uploaded into EndNote and screened manually by the first author (M.T.H.) and selected according to the inclusion and exclusion criteria. If there was any doubt in the selection of one article, the second author (A.S.) reviewed the manuscript, and both reviewers came to an agreement for the final decision. Articles written in English were included. Exclusion criteria were manuscripts where there were no specific data regarding *M. kansasii* infection, were reviews, or were written in a language other than English. Relevant data were extracted and presented as follows: author, year, sex, age, time period between symptoms and diagnosis, past medical history, immunocompromised status, symptoms, site, initial treatment, diagnose confirmation, complications, definitive treatment, antibiotic time, and outcome. As there was substantial heterogeneity in the reported data, a quantitative analysis could not be conducted and was not the goal of this review. Bias assessment was not performed since the publications included were all case reports.

Results
-------

Our initial search query resulted in a total of 26 articles. Excluding manuscripts with cases of tenosynovitis with no specific data for *M. kansasii,* other conditions different than tenosynovitis, and other locations different than the upper extremities by screening on titles and abstracts yielded 20 articles. Including only English language articles, and excluding reviews that did not describe any case, we identified 17 articles, from which 23 cases of chronic tenosynovitis of the upper extremities caused by *M. kansasii* were reported ( [Fig. 5](#FI00128-5){ref-type="fig"} ). All the articles were published between 1978 and 2018. We described characteristics and complications of the 23 reported cases in total ( [Table 1](#TB_1){ref-type="table"} ). Most of the patients were female (52.2%), with a female: male ratio of 1.09 and a mean age of 54.74 (standard deviation: 12.18) years. An antecedent of trauma was present in three (13%) patients [@JR_5] [@JR_6] [@JR_7] and in one patient, [@JR_8] a history of chemical spill in the affected hand was described. An immunosuppression state was usual but not the most frequent immune state in patients with this infection, presenting in only eight (34.8%) cases. [@JR_1] [@JR_9] [@JR_10] [@JR_11] [@JR_12] [@JR_13] [@JR_14] [@JR_15] The median of the time period between the first appearing of symptoms and the definitive diagnosis was 7 months (interquartile range: 9, range: 2--48). The most frequent symptoms were local swelling (65.2%), [@JR_1] [@JR_6] [@JR_8] [@JR_10] [@JR_11] [@JR_12] [@JR_13] [@JR_14] [@JR_16] [@JR_17] [@JR_18] [@JR_19] pain (56.5%), [@JR_1] [@JR_6] [@JR_7] [@JR_9] [@JR_10] [@JR_12] [@JR_15] [@JR_18] [@JR_19] [@JR_20] mass effect (26%), [@JR_5] [@JR_9] [@JR_12] [@JR_13] [@JR_15] and stiffness (13%). [@JR_7] [@JR_9] Twelve (52.2%) patients received an initial immunosuppressive therapy. ^131^ [@JR_6] [@JR_7] [@JR_8] [@JR_13] [@JR_18] [@JR_19] [@JR_20] Two (8.7%) of these patients received this treatment due to similar presentation to their previous RA disease [@JR_1] [@JR_13] and one (4.3%) due to previous episodes of joints pain. [@JR_19] Other immunosuppressive medical conditions included polymyositis, [@JR_9] diabetes mellitus, [@JR_10] [@JR_12] scleroderma, [@JR_11] kidney transplantation, [@JR_1] [@JR_15] and rheumatic polymyalgia. [@JR_14] Furthermore, four (17.4%) patients presented a carpal tunnel syndrome as initial disease presentation. [@JR_10] [@JR_16] [@JR_19] [@JR_20] Tendon rupture was found in three (13%) patients as a complication of the disease. [@JR_1] [@JR_18] [@JR_19] All the diagnoses were confirmed with a microbiological culture of the tissue. Regarding treatment, seven (30.4%) patients underwent previous surgeries before definitive diagnosis to try to relieve the symptoms. [@JR_6] [@JR_7] [@JR_10] [@JR_12] [@JR_13] [@JR_19] Antibiotic therapy was given in all cases, with the most common regimen being rifampin, ethambutol, isoniazid, and pyridoxine for long time periods (mean: 13.27 months, range: 1--24) to avoid recurrence of the disease. Resistance to isoniazid was found in two patients, [@JR_10] [@JR_19] two patients stopped treatment due to adverse effects to ethambutol, [@JR_14] [@JR_16] one to rifampin, [@JR_6] and one to clarithromycin. [@JR_14] Definitive treatment such as tenosynovectomy, surgical debridement, synovial biopsy, and antibiotic therapy alone were performed in ten (43.5%), [@JR_7] [@JR_8] [@JR_10] [@JR_13] [@JR_15] [@JR_16] [@JR_17] [@JR_19] [@JR_20] nine (39.1%), [@JR_1] [@JR_6] [@JR_9] [@JR_12] [@JR_18] two (8.7%), [@JR_19] and two (12.5%) [@JR_11] [@JR_14] cases, respectively. The rate of recurrence of symptoms in patients with tenosynovectomy was 50% whereas in patients who underwent surgical debridement was 22%. No recurrence was described in patients treated only with antibiotics. All cases reported at the end a positive response to therapy.

###### Reported cases to date of chronic tenosynovitis of upper extremities caused by Mycobacterium kansasii

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author                    Year   Sex     Age                                                          Time period between symptoms and diagnosis   Past medical history                                                Immunocompromised                  Symptoms                                                                                                                                          Site                                                                                                                       Initial Treatment                                                                                                                                       Diagnose confirmation                                                                                                                          Complications                                                                                                                                                      Definitive treatment                                                                                                                                                                                                        Antibiotic time(mo)                                                                                     Outcome
  ------------------------- ------ ------- ------------------------------------------------------------ -------------------------------------------- ------------------------------------------------------------------- ---------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------- ------------------
  Dorff et al ^20^          1978   M       61                                                           3 mo                                         None                                                                N                                  Pain in left hand radiating up to the forearm and into the middle three fingers.                                                                  Carpal tunnel syndrome in left wrist.                                                                                      Hydrocortisone injection in wrist.                                                                                                                      Culture                                                                                                                                        None                                                                                                                                                               ATB: INH, ethambutol, rifampin. Then readmitted due to worseness of symptoms, and finally synovectomy of left wrist.                                                                                                        24                                                                                                      Resolved.

  Leader et al ^19^         1984   M       47                                                           5 mo                                         None                                                                N                                  Tingling, heaviness sensation, and weakness. Later, swelling.                                                                                     Carpal tunnel syndrome in the right hand.                                                                                  Carpal tunnel release. Later, local methylprednisolone injections.                                                                                      Culture                                                                                                                                        Recurrence of symptoms 1 y after first treatment.                                                                                                                  Tenosynovectomy. ATB: rifampin 450-mg ethambutol 900 mg daily.                                                                                                                                                              12                                                                                                      Resolved.

  F                         44     2 mo    None                                                         N                                            Swelling, numbness, and pain.                                       Right index finger.                Local triamcinolone injections, oral analgesics.                                                                                                  Culture                                                                                                                    Recurrence of symptoms 4 mo after first medical treatment.\                                                                                             Synovial biopsy. ATB: rifampin 450-mg daily, ethambutol 600-mg daily, isoniazid 300-mg daily. Isoniazid later withdrew due to insensitivity.   18                                                                                                                                                                 General swelling subsided.                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Secondary infection of the wound.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Rupture of flexor tendon.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  M                         71     --      Past episodes of joint pain in knees and feet.               N                                            Pain and swelling.                                                  Fingers and wrist of right hand.   Local triamcinolone injections. Then, local steroids injections.                                                                                  Culture                                                                                                                    Recurrence of symptoms after first medical treatment.                                                                                                   Synovial biopsy. ATB: ethambutol 600-mg daily, rifampicin 450-mg daily.                                                                        --                                                                                                                                                                 Progressed well.                                                                                                                                                                                                                                                                                                                    

  Sanger et al ^15^         1987   F       61                                                           36 mo                                        Renal transplant, RA, azathioprine and corticosteroids treatment.   Y                                  Mass, later pain.                                                                                                                                 Dorsum of left hand.                                                                                                       Aspirations attempts.                                                                                                                                   Culture                                                                                                                                        Recurrence of symptoms after medical treatment and first tenosynovectomy.                                                                                          Tenosynovectomy of dorsal mass, then, tenosynovectomy of ventral left long finger and further extensive synovectomies. ATB: isoniazid, rifampin, ethambutol.                                                                24                                                                                                      Resolved.

  Dillon et al ^6^          1990   M       42                                                           12 mo                                        None                                                                N                                  Swelling and pain.                                                                                                                                Left middle finger and palm.                                                                                               Surgical debridement and biopsy. Then, intrasynovial corticoid injections.                                                                              Culture                                                                                                                                        Persistence of symptoms after first treatment.                                                                                                                     ATB: rifampin and ethambutol. Then, second surgical debridement.                                                                                                                                                            18                                                                                                      Resolved.

  M                         54     --      2 mo ago, traumatic wound in the dorsum of his right hand.   N                                            Swelling and pain.                                                  Right hand.                        Oral prednisolone. First surgical debridement.                                                                                                    Culture                                                                                                                    Recurrence after first surgical treatment. Rifampin caused nauseas and dizziness.                                                                       Second surgical debridement. ATB: ethambutol and rifampin. Then, rifampin replaced by prothionamide after 1 mo.                                18                                                                                                                                                                 Progressed well.                                                                                                                                                                                                                                                                                                                    

  M                         70     3 mo    None                                                         N                                            Pain                                                                Right hand.                        --                                                                                                                                                Culture                                                                                                                    None.                                                                                                                                                   Partial debridement and carpal tunnel releasing. ATB: rifampin and ethambutol.                                                                 12                                                                                                                                                                 Resolved.                                                                                                                                                                                                                                                                                                                           

  Kozin and Bishop ^9^      1994   F       67                                                           18 mo                                        None                                                                N                                  Drainage and pain.                                                                                                                                Finger.                                                                                                                    INH, rifampin.                                                                                                                                          Culture                                                                                                                                        None.                                                                                                                                                              Surgical debridement.                                                                                                                                                                                                       24                                                                                                      Resolved.

  F                         41     10 mo   Polymyositis and corticosteroids treatment.                  Y                                            Mass, stiffness.                                                    Finger.                            Rifampin, INH.                                                                                                                                    Culture                                                                                                                    None.                                                                                                                                                   Surgical debridement.                                                                                                                          12                                                                                                                                                                 Resolved.                                                                                                                                                                                                                                                                                                                           

  F                         24     12 mo   None                                                         N                                            Mass, stiffness.                                                    Dorsal wrist.                      Cephalexin.                                                                                                                                       Culture                                                                                                                    None.                                                                                                                                                   Surgical debridement.                                                                                                                          1                                                                                                                                                                  Resolved.                                                                                                                                                                                                                                                                                                                           

  Wada et al ^16^           2000   F       49                                                           5 mo                                         None                                                                N                                  Swelling of flexors of the left wrist and thumb, numbness in the thumb, index and long fingers. Loss of sensation in median nerve distribution.   Left carpal tunnel syndrome.                                                                                               None.                                                                                                                                                   Culture, AFB                                                                                                                                   None.                                                                                                                                                              Tenosynovectomy of flexor tendons at wrist and thumb and carpal tunnel release. ATB: INH, rifampin, an ethambutol, but it was discontinued after 6 mo due to side effects.                                                  6                                                                                                       Resolved.

  Lidar et al ^10^          2003   F       60                                                           48 mo                                        DM with insulin, and asthma with prednisone 10 mg/d.                Y                                  Severe pain and swelling in the right wrist.                                                                                                      Carpal tunnel syndrome in right wrist/tenosynovitis of the right forearm.                                                  Carpal tunnel release.                                                                                                                                  Culture                                                                                                                                        Recurrence of symptoms after first treatment. Resistance to INH, fistula after synovectomy.                                                                        Synovectomy and three additional surgical debridement. ATB: Rifampin 300-mg bid, INH 100-mg tid, ethambutol 400-mg bid for 3 mo, then INH was changed to clarithromycin 500-mg bid. Final surgical excision of the bursa.   24                                                                                                      Resolved.

  Gerster et al ^11^        2004   F       68                                                           6 mo                                         Scleroderma with prednisone 5 mg/d                                  Y                                  Bulky swelling of the left wrist and dorsal right wrist.                                                                                          Right and left wrists.                                                                                                     None.                                                                                                                                                   16s rRNA amplification and sequencing of the gene, and culture.                                                                                None.                                                                                                                                                              ATB: Rifampicin, INH, and myambutol.                                                                                                                                                                                        3                                                                                                       Progressed well.

  Southern ^12^             2004   M       68                                                           6 mo                                         DM                                                                  Y                                  Mass, swelling, inflammation, tenderness, and decreased motion of the forearm, extending to the wrist and fingers.                                Forearm, wrist and fingers.                                                                                                Removal of the mass near his elbow.                                                                                                                     Culture                                                                                                                                        Recurrence after first surgical procedure.                                                                                                                         Surgical debridement. ATB: INH, and rifampin.                                                                                                                                                                               12                                                                                                      Resolved.

  Mejia et al ^7^           2007   F       38                                                           2 mo                                         2 mo ago, traumatic wound in left long finger.                      N                                  Pain, stiffness, and triggering.                                                                                                                  Left long finger.                                                                                                          Lidocaine and triamcinolone injections in the tendon sheath of the long finger in two opportunities, and a surgical release of tendon sheath.           Culture and polymerase chain reaction.                                                                                                         Recurrence of symptoms after first treatment.                                                                                                                      Long finger radical flexor tenosynovectomy. ATB: azithromycin, ethambutol, and rifampin.                                                                                                                                    --                                                                                                      Progressed well.

  Lorenz et al ^13^         2008   F       48                                                           --                                           RA                                                                  Y                                  Mass and swelling.                                                                                                                                Second flexor tendon in her right hand, later spread to the third finger and then affected the wrist on her palmar side.   Surgical removal of tumor and leflunomide added to methotrexate therapy due to RA, and tenosynovectomy second time.                                     Culture and 16s rRNA PCR.                                                                                                                      Three times of tenosynovectomy and recurrence.                                                                                                                     Tenosynovectomy third time. ATB: rifampin 600 mg/d, clarithromycin 2 × 500 mg/d and ethambutol 25 mg/kg/d for the first 2 mo, then 15 mg/kg/d.                                                                              6                                                                                                       Resolved.

  Rust and Bennett ^17^     2009   M       55                                                           3 mo                                         None                                                                N                                  Swelling and erythema of the right index finger extending through the carpal tunnel.                                                              Finger and wrist.                                                                                                          Bruner incisions to decompress the carpal tunnel and tenosynovectomy.                                                                                   Culture, AFB, and DNA probe.                                                                                                                   Recurrence after first treatment.                                                                                                                                  Second tenosynovectomy. ATB: rifampin, ethambutol, and clarithromycin.                                                                                                                                                      14                                                                                                      Progressed well.

  Mazis et al ^5^           2011   M       45                                                           --                                           Minor cuts and abrasions, and contact with aquatic environment.     N                                  Painless fluctuant mass.                                                                                                                          Volar aspect of the wrist and forearm, flexor tendons.                                                                     None                                                                                                                                                    Culture.                                                                                                                                       None.                                                                                                                                                              Tenosynovectomy. ATB: rifampicin, INH, and clarithromycin.                                                                                                                                                                  3                                                                                                       Progressed well.

  Chan et al ^1^            2012   M       61                                                           9 mo                                         Kidney transplant recipient.                                        Y                                  Pain and swelling.                                                                                                                                Extensors of his left wrist.                                                                                               Flucloxacillin a penicillin and clindamycin due to the thought of having cellulitis. IM methylprednisolone and left wrist injection of triamcinolone.   Culture.                                                                                                                                       Extensor pollicis longus tendon rupture, after definitive treatment. Stopped ethambutol due to sudden loss of vision in both eyes.                                 Surgical debridement around the ruptured extensor pollicis longus tendon. ATB: rifampicin, clarithromycin, and ethambutol.                                                                                                  17                                                                                                      Progressed well.

  Formanoy et al ^14^       2013   F       64                                                           10 mo                                        Pneumonia and rheumatic polymyalgia with prednisone 5 mg/d.         Y                                  Inflammation and swelling.                                                                                                                        Middle finger of the right hand.                                                                                           None.                                                                                                                                                   Culture.                                                                                                                                       Ethambutol and clarithromycin were stopped after 9 mo due to side effects.                                                                                         ATB: clarithromycin, rifampicin, and ethambutol. Then, linezolid, moxifloxacin, and rifampicin. After antibiotic treatment underwent to reconstruction of hand function.                                                    9 first, then 11                                                                                        Resolved.

  Jing et al ^18^           2014   F       65                                                           7 mo                                         None                                                                N                                  Swelling and inflammation.                                                                                                                        Left middle finger.                                                                                                        Steroids injections by a local practitioner.                                                                                                            Culture.                                                                                                                                       Multiple collapsed abscesses, rupture flexor digitorum profundus, and thinning of the flexor digitorum superficialis tendons, previous to the medical treatment.   Surgical debridement. ATB: ethambutol, rifampicin, and azithromycin.                                                                                                                                                        18                                                                                                      Progressed well.

  Wang et al ^8^            2018   M       56                                                           36 mo                                        Chemical spill 5 y before symptoms.                                 N                                  Pain and swelling.                                                                                                                                Right hand and wrist.                                                                                                      Topical steroids.                                                                                                                                       AFB, culture.                                                                                                                                  None.                                                                                                                                                              Radical synovectomy of hand and wrist. ATB: INH, rifampin, and clarithromycin. Then, INH was changed due to resistance. After that, ethambutol, rifampin, and clarithromycin.                                               6 in total: 4 of INH, rifampin, and clarithromycin and 2 of ethambutol, rifampin, and clarithromycin.   Resolved.

  Huayllani and Forte ^a^   2019   M       64                                                           10 mo                                        RA                                                                  Y                                  Pain, swelling, and mass of the left wrist with restricted range of motion.                                                                       Left wrist.                                                                                                                Hydroxychloroquine 200-mg daily and corticosteroids. Then, biologic therapy.                                                                            AFB culture.                                                                                                                                   None.                                                                                                                                                              Left dorsal hand extensor tenosynovectomy. ATB: ethambutol 1,200-mg daily, rifampin 600-mg daily, and azithromycin 500 daily.                                                                                               3                                                                                                       Resolved.
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

![Flow chart of search strategy and articles identification.](10-1055-s-0040-1709377_00128_05){#FI00128-5}

Discussion
----------

Our review of literature found the most important disease characteristics of chronic tenosynovitis of the upper extremity caused by *M. kansasii* . *M. kansasii* was found in high rates in the southern United States. [@JR_4] The bacteria has been found in soil, natural water supplies, dust and animal milk, [@JR_13] [@JR_17] although in contrast to other common NTM, the major reservoir of *M. kansasii* appears to be tap water and people likely acquire it by aerosol or trauma. [@JR_2] In our review, an antecedent that suggests mode of transmission was not described for almost all cases. This creates an impression that transmission by aerosol could be predominant over trauma as only two cases reported the antecedent of trauma and one of chemical spill in the hand where the tenosynovitis appeared. Regarding other antecedents, more than half of the patients were immunocompetent, which means that even when immunosuppression state predisposes to prompt dissemination of the nontuberculous mycobacteria due to the decrease of inflammatory mediators action, [@JR_17] [@JR_21] immune state may not be a strong factor that determines bacteria acquisition.

The median of the period time between appearing of symptoms and definitive diagnosis was 7 months. This finding suggests the insidious presentation of the disease and the delayed diagnosis probably caused by the nonspecific symptoms such as swelling, pain, mass effect, and stiffness [@JR_1] [@JR_5] [@JR_7] [@JR_9] [@JR_13] [@JR_18] [@JR_19] [@JR_20] [@JR_22] that can be confused to be an expression of other conditions such as carpal tunnel syndrome, [@JR_10] [@JR_16] [@JR_19] [@JR_20] previous history of joints pain, [@JR_19] or RA. [@JR_1] [@JR_13]

First immunosuppressive therapy was given in almost half of the patients probably because of attribution of symptoms to tenosynovitis caused by a history of RA or joints pain [@JR_1] [@JR_13] [@JR_19] or mechanical causes, [@JR_6] [@JR_7] [@JR_8] [@JR_18] [@JR_20] or as a therapy for a previous immunologic condition. [@JR_9] [@JR_11] [@JR_14] [@JR_15] This therapy could worsen the infection and could have been predisposed to tendon rupture in three cases. [@JR_1] [@JR_18] [@JR_19]

Regarding diagnosis, all the cases confirmed their diagnosis through culture. We found that almost one-third of the patients underwent previous surgeries before definitive diagnosis, some of them may be the result of false negatives after performing other diagnostic techniques or due to an incorrect sample taking of synovial tissue and fluid for culture. Moreover, NTM characterizes long periods of culture which can delay the definitive diagnosis. [@JR_2] [@JR_4] Stains for acid-fast bacteria alone usually do not definitively diagnose pathology. Culture of the bacteria has a high sensitivity, and it should be considered the preferred diagnostic method. [@JR_1] [@JR_13] Polymerase chain reaction and DNA hybridization tests are recommended to shorten time to diagnosis, but negative results do not exclude the infection. [@JR_13] Between the imaging studies, we recommend when possible the use of MRI as it helped acquire a better idea of the disease extension such in the presented case.

Interestingly, the medical and surgical treatment strategy differed between studies. There is no consensus on therapy for *M. kansasii* chronic tenosynovitis. All patients who underwent any type of surgical treatment were also treated with antibiotics. We found a rate of recurrence of symptoms of 50% in patients who had tenosynovectomy and 22% in patients who had surgical debridement as a definitive treatment. A promising approach is to perform a tenosynovectomy in combination with surgical debridement in these cases. However, future studies with higher sample sizes should be performed to provide stronger evidence that support a potential benefit. No recurrence was found after synovial biopsy and in patients who only were treated with antibiotics. Previously, drug therapy alone or tenosynovectomy alone was attempted, but the frequency of recurrence was high. Between the cases treated only with antibiotics, one of them [@JR_9] was followed until 3 months progressing well but a longer period of follow-up is needed to evaluate better outcomes, while the other case [@JR_12] had to undergo reconstruction of hand after a long-time treatment with antibiotics which suggests a worse hand function outcome. Therefore, after reviewing the presence of complications and number of surgical procedures, we strongly recommend a combination of surgical tenosynovectomy and antibiotic chemotherapy. The Infectious Diseases Society of America (IDSA) and American Thoracic Society (ATS) guidelines recommend a combination of rifampin, ethambutol, isoniazid, and pyridoxine for 18 months for pulmonary involvement, until cultures are negative for 12 months. [@JR_2] Although this recommendation was not established in a tenosynovitis scenario, most of the previous cases used some of these antibiotics to treat the bacteria in a chronic tenosynovitis presentation. [@JR_1] [@JR_13] Due to the lack of guidelines specifying the treatment for NTM chronic tenosynovitis, therapy is usually adapted to the patient and based on individual expert opinion to avoid recurrence. As a result, many cases have shown no recurrence with the use of the antibiotics recommended by the IDSA-ATS guidelines with long (18 months) and short (3--6 months) periods of treatment. [@JR_23]

The therapy applied in the reported case included azithromycin, rifampin, and ethambutol and it was recommended for 3 months with the possibility to extend the therapy depending on the progression of the disease, until 18 months. We recommend this antibiotic regimen in combination with thorough follow-up by a hand therapist. This antibiotic regimen has been reported in tenosynovitis of the finger caused by *M. kansasii* , with good results. [@JR_18] It is also important to provide close follow-up, when feasible, to address any recurrence.

Strengths and Limitations
-------------------------

Limitations of our study included a possible publication bias which made difficult defining a specific successful treatment for this condition. In addition, inherent limitations of a review methodology can involve search and selection biases that should be also considered. However, we believe this review is valuable as it is the first study that reports all the cases, treatments, and complications of chronic tenosynovitis in the upper extremities caused by *M. kansasii* .

Conclusion
==========

*kansasii* is an important differential causal pathogen to consider in tenosynovitis of the upper extremities. Our review identified that the mode of transmission of the bacteria was not clear in most of the cases, and it was usual to infect immunocompromise patients; however, it was more common to appear in immunocompetent patients. Moreover, immunosuppressive states may predispose development of tendon rupture, considered the worst complication. The diagnosis of the disease was usually late due to its insidious progression and unspecific symptoms; however, when symptoms appear this potential infectious agent should be ruled out as a potential cause of tenosynovitis. Early diagnosis of chronic tenosynovitis caused by *M. kansasii* can be challenging based on the clinical presentation; however, prompt detection and treatment will avoid morbidity and possible structural complications.

There are not any acknowledgments.

**Conflict of Interest** The reports by A.S.P., A.S., A.J.F., B.D.R., D.B., D.J.R., M.T.H., R.S.-E. and this study were supported in part by the Mayo Clinic Robert D. and Patricia E. Kern Center for the Science of Health Care Delivery, by the Mayo Clinic Center of Individualized Medicine, and by the Plastic Surgery Foundation.
